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VEHICLE COMMUNICATION PATH TRACING SYSTEM FOR 
LONG RANGE REMOTE COMMUNICATION WITH A VEHICLE 

Field of the Invention 

The present invention relates to remote 
convenience systems. The present invention is 
particularly directed to a system in which a remote 
convenience function is controlled across a relatively 
great distance. 

Background of the Invention 

Remote convenience systems are known in the art. 
Such remote convenience systems permit remote control 
of various functions. One type of a remote convenience 
system is for remotely controlling vehicle functions. 
Other example types of remote convenience systems 
include garage door opener systems and entry light 
activation systems. 

Focusing now on the remote convenience vehicle 
systems, examples of remotely controlled functions 
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include locking and unlocking of one or more vehicle 
doors. A remote convenience vehicle system that 
permits remote locking and unlocking functions is 
commonly referred to as a remote keyless entry system. 
5 Such remote convenience vehicle systems may 

provide for control of other vehicle functions. For 
example, a remote vehicle locator function may be 
provided. The vehicle locator function causes the 
vehicle horn to emit a horn chirp and/or the headlights 

10 of the vehicle to flash "ON". This allows a person to 

quickly locate their car within a crowded parking lot. 

A known remote convenience vehicle system includes 
a receiver/controller mounted in an associated vehicle 
and at least one portable hand-held transmitter located 

15 remote from the receiver. The receiver /controller has 

a memory that stores one or more security codes, each 
of which is associated with a transmitter that is 
authorized to cooperate with the receiver/controller 
mounted in the vehicle. Also, the receiver/controller 

20 is operatively connected to one or more vehicle systems 

that perform the functions that are remotely requested. 

Each transmitter is provided with one or more 
manually actuatable switches. Each switch is 
associated with a remote control vehicle function to be 

25 performed. The transmitter includes circuitry that 

responds to the actuation of each switch to transmit a 



message in the form of a signal. The transmitted 
signal also includes the appropriate security code. 
When the receiver/controller receives such a signal, it 
compares the security code portion of the received 
5 signal against its stored security code, and, if a 

match is found, a controller portion of the 
receiver/controller outputs a signal to the proper 
system (e.g., the door lock drivers) of the vehicle for 
causing performance of the requested function. 

10 Portable transmitters of remote convenience 

systems transmit signals in the ultra-high frequency 
("UHF") portion of the radio frequency ("RF") spectrum. 
Specifically, the frequency of the transmitted signals 
is in the portion of the RF spectrum that is allotted 

15 by the Federal Communications Commission ("FCC") for 

unlicensed transmission devices. FCC regulations 
stipulate that such unlicensed devices cannot have a 
transmitted signal strength that exceeds a stipulated 
maximum value. 

20 It is often desirable to accomplish remote control 

performance of certain functions at a longest possible 
distance. One example of such a function is the remote 
vehicle locator function. To illustrate such a 
scenario, consider a shopping mall patron exiting a 

25 shopping mall building and being faced with the task of 

visually locating their car within a vast shopping mall 



parking lot. It would be beneficial to be able to 
actuate the remote vehicle locator function from a 
location near the . exit door of the shopping mall, 
before proceeding into the parking lot. 
5 In the case of long range remote vehicle location, 

however, it is possible that the vehicle might be 
beyond visual or audile range of the user. Background 
noise and visual obstructions may prevent the user from 
locating the vehicle. It would be desirable to provide 
10 a system where the vehicle can determine a path to the 

user and inform the user of the general direction of 
the vehicle. 

Summary of the Invention 

In accordance with one aspect, the present 
15 invention provides a vehicle communication path-tracing 

system for long range communication with a vehicle. 
The system includes portable transmitter means for 
transmitting a command signal intended for and 
identifying a target vehicle. The system further 
20 includes a plurality of transceiver /controller means. 

Each of the transceiver/controller means is located 
separate from the portable transmitter means. One of 
the transmitter/controller means is located at the 
target vehicle, and at least one of the other 
25 transceiver/controller means is located at an 
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intermediate location separate from the target vehicle. 
The at least one intermediately located 
transceiver/controller means includes means for 
receiving a command signal intended for the target 
vehicle and for transmitting a retransmitted command 
signal. The transceiver /controller means located at 
the target vehicle includes means for receiving the 
retransmitted command signal and for transmitting an 
acknowledgement signal in response to receipt of the 
retransmitted command signal. The acknowledgement 
signal is intended for reception by the at least one 
intermediately located transceiver /controller means 
that previously transmitted the retransmitted command 
signal received by the target vehicle 

transceiver/controller means. Each intermediately 
located transceiver/controller means includes means for 
receiving the acknowledgement signal and for 
transmitting a retransmitted acknowledgement signal . 

In accordance with another aspect, the present 
invention provides a vehicle communication path-tracing 
system with user perceptible feedback. The system 
includes portable transmitter means for transmitting a 
command signal intended for and identifying the target 
vehicle. The system further includes a plurality of 
transceiver/controller means, each located separate 
from the portable transmitter means. One of the 
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transceiver/controller means is located at the target 
vehicle, and at least one of the other 
transceiver/controller means is located at an 
intermediate location separate from the target vehicle. 
The at least one intermediately located 
transceiver/controller means includes means for 
receiving a command signal intended for the target 
vehicle and for transmitting a retransmitted command 
signal intended for the target vehicle. The 
transceiver/controller means at the target vehicle 
includes means for receiving one of the retransmitted 
command signal, for providing user perceptible 
confirmation of receipt of the retransmitted command 
signal at the target vehicle, and for transmitting an 
acknowledgement signal . The acknowledgement signal is 
intended for reception by the at least one 
intermediately located transceiver/ controller means 
that previously transmitted the retransmitted command 
signal received by the target vehicle 
transceiver/controller means. The at least one 
intermediately located transceiver /controller means 
includes means for receiving the acknowledgement signal 
and for providing user perceptible confirmation of 
reception of the acknowledgement signal . 



Brief Description of the Drawings 

The foregoing and other features and advantages of 
the present invention will become apparent to those 
skilled in the art to which the present invention 
5 relates from a reading of the following detailed 

description of the preferred embodiment with reference 
to the accompanying drawings, in which: 

Fig. 1 is a schematic illustration of a remote 
convenience vehicle system, in accordance with the 
10 present invention; 

Fig. 2 is a schematic illustration of a 
transceiver/controller shown in Fig. 1; 

Fig. 3 is a flow chart for a process performed 
within a transceiver/controller shown in Fig. 1. 

15 Description of the Example Embodiment 

An example of a vehicle communication path-tracing 
system, in accordance with the present invention, is 
the remote vehicle location system 10 shown 
schematically in Fig. 1. The system 10 includes a 

20 portable transmitter 12 (hereinafter referred to as the 

transmitter) and an associated transceiver /controller 
14T mounted in an associated vehicle 16T. The 
transmitter 12 is in the possession of the authorized 
user (e.g., the owner/operator, not shown) of the 

25 associated vehicle 16T. 
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The transmitter 12 and the associated 
transceiver/controller 14T are referred to herein as 
being associated with each other because the 
transmitter can communicate, via a signal 181, with the 
associated transceiver/controller 14T to achieve a 
particular vehicle function (e.g., remote activation of 
a vehicle location system 20T) . Typically, the 
association relationship between the transmitter 12 and 
the associated transceiver/controller 14T is initially 
established at the time of manufacture of the 
associated vehicle 16T and/or upon installation of the 
transceiver/controller into the vehicle. 

Further, the authorized user operates the 
transmitter 12 when the user intends for the signal 181 
to cause performance of the requested remote 
convenience function at the associated vehicle 16T. As 
such, the transceiver/controller 14T, mounted in the 
associated vehicle 16T, is the target of the 
signal 181. Hereinafter, the transceiver/controller 
14T is referred to as the target transceiver/controller 
14T. Also, hereinafter, the signal 181 is referred to 
as the initial signal 181. The purpose of the 
designation of "initial" for the signal 181 will become 
apparent upon further reading. 

Turning to the transmitter 12, the transmitter is 
typically sized to be hand-held. Typically, the 
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transmitter 12 is of a size that allows its attachment 
to a key chain. Electronic components of the 
transmitter 12 are enclosed within a housing. The 
transmitter 12 includes at least one pushbutton 
5 switch 22, operatively connected to transmit radio 

frequency (RF) circuitry 24 within the transmitter. 
The transmit circuitry 24 is, in turn, operatively 
connected to a broadcast transmission antenna 26. 

In response to pushbutton actuation, the transmit 

10 circuitry 24 generates/assembles a "packet" of 

information to be transmitted. In the example 
embodiment, the transmission packet includes a vehicle 
locator command and an identification code. The 
transmit circuitry 24 then provides an appropriate 

15 electrical signal that conveys the transmission packet 

to the antenna 26. In response to the stimulus of the 
electrical signal, the antenna 26 broadcasts the 
initial signal 181, which is intended to be received by 
the target transceiver/controller 14T at the target 

20 vehicle 16T. 

The transmitter 12 and its components {e.g. the 
transmit circuitry 24) are of any suitable structure 
and design to accomplish the transmission of the 
initial signal 181. Further, the structure and design 

25 of the transmitter 12, and its components, may be of 
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any known structure and design. Thus, the specifics 
are not discussed herein for the sake of brevity. 

At the target vehicle 16T, a target antenna 28T is 
operatively connected to the transceiver/controller 14T 
associated with the vehicle. The target antenna 28T is 
tuned to "pick up" a signal (e.g., 181) transmitted 
from the transmitter 12, or a signal (e.g., 18RN) from 
another transceiver /controller (e.g., 14N) as will be 
subsequently explained. In response to the received 
signal (181 or 18RA-18RN) , the target antenna 28T 
outputs an electrical signal to the target 
transceiver/controller 14T that conveys the contents 
(e.g. vehicle location command, the identification code 
from the transmitter of the initial signal 181) . 

Within the transceiver/controller 14T (Fig. 2) the 
electrical signal from the target antenna 28T is 
provided to transceive RF circuitry 30. In turn, the 
transceive circuitry 30 is operatively connected to a 
microcomputer 32 that has a processor 34 and a memory 
device 36. 

The memory device 36 includes temporary storage 
capability, e.g., random access memory (RAM), and 
permanent memory, e.g., read only memory (ROM). One 
item stored within the permanent memory is the 
vehicle's identification code. The memory device 36 
may be shared between the microcomputer 32 and other 
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components (not shown) of the transceiver /controller 
14T (as indicated by the overlap of the memory device 
out of the microcomputer 32). 

Also within the transceiver /controller 14T is a 
vehicle location system controller 38 . All of the 
components (e.g., 30, 34, and 38) of the 

transceiver/controller 14T are powered to operate via a 
power management circuit 40 that is, in turn, 
operatively connected to a power source (e.g., a 
vehicle battery, not shown) . 

During transceiver/controller 14T operation, when 
the antenna 28T picks-up the signal (181 or 18RA-18RN) 
and provides the electrical signal to the transceive 
circuitry 30, the transceive circuitry outputs the 
information (e.g. the vehicle location command message 
and the identification code from the transmitter 12) to 
the microcomputer 32. Within the microcomputer 32, the 
processor 34 compares the identification code from the 
transmitter 12 with the identification code from the 
permanent portion of the memory device 36 of the target 
transceiver/controller 14T. If the identification 
codes match, the processor 34 activates the vehicle 
location system and transmits an initial 
acknowledgement signal 4 2AN. 

The processor 34 provides a signal that conveys 
the vehicle location command to the vehicle location 
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system controller 38. In turn, the vehicle location 
system controller 38 provides appropriate signals 44 to 
the control systems for the horn and the headlights 
(not shown) . The signals 44 may be conveyed directly 
to the systems (e.g., the vehicle location system 
controller may be connected directly to the control 
systems for the horn and the headlights) or the 
signals 44 may be conveyed to the systems via a vehicle 
communication bus. 

When the vehicle location system is activated, the 
vehicle horn emits an audible signal (e.g., a short 
duration horn note known as a horn chirp) and/or the 
vehicle headlights "flash" ON (e.g., a short duration 
ON state) to alert the transmitter operator (e.g., the 
vehicle owner) as to the location of the vehicle. The 
person of ordinary skill will understand the components 
and circuitry for performing the vehicle location 
function, and the components and circuitry are omitted 
for the purpose of brevity. It will be appreciated 
that the present invention can be employed for systems 
that have other remote control vehicle functions (e.g., 
locking or unlocking of doors, panic alarm, trunk 
release) . Also, it will be appreciated that other 
embodiments of the present invention may have other 
remotely controlled functions (e.g., garage door 
opening, or entry light activation) . 
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Turning again to the target transceiver /controller 
14T and the target antenna 28T, the target 
transceiver/controller 14T and target antenna 28T are 
also capable of transmitting broadcast signals in 
5 accordance with the present invention. Specifically, 

the antenna 28T is constructed such that the 
antenna 28T emits a broadcast signal in response to 
an electrical signal stimulus from the transceive 
circuitry 30. The microcomputer 32 controls the 

10 transceiver circuitry 30 to cause the transmission of a 

broadcast signal from the antenna 28T and also, at 
least partially, controls the content conveyed within 
the signal broadcast from the antenna 28T. The purpose 
of the ability to broadcast signals from the 

15 antenna 28T will become apparent upon further reading. 

Focusing now on the situation in which the 
transmitter 12 (Fig. 1) is operated in an intended 
effort to cause activation of the vehicle location 
system at the target vehicle 16T, the initial 

20 signal 181 transmitted from the transmitter 12 may not 

reach the target vehicle 16T. The distance between the 
transmitter 12 and the target vehicle 16T may be too 
great for the initial signal 181, given the strength of 
the initial signal and any outside interference that 

25 may be present. In order to alleviate the 

inconvenience of being unable to activate the vehicle 
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location system because the target vehicle 16T is 
out-of-range for the initial signal 181, the vehicle 
communication path-tracing system 10, in accordance 
with the present invention, includes at least one 
5 intermediate transceiver/controller (e.g., 14A) that is 

located in a vehicle (e.g., 16A) that is not the target 
vehicle 16T. The at least one transceiver /controller 
(e.g., 14A) is referred herein by the nomenclature of 
"intermediate." Each vehicle (e.g., 16A) within which 

10 a intermediate transceiver/controller (e.g., 14A) is 

located is also referred to by the nomenclature of 
"intermediate . " 

The number of intermediate vehicles (16A-16N) that 
are part of the system 10 in accordance with the 

15 present invention varies dependant upon the particular 

circumstances present when the transmitter 12 is 
operated. In the embodiment illustrated in the 
Figures, the variable number is "N." Each intermediate 
transceiver/controller (e.g., 14A) is not associated 

20 with the transmitter 12 in the same sense that the 

target transceiver /controller 14T is associated with 
the transmitter 12, but merely becomes part of the 
system 10 by cooperating to convey a vehicle location 
command from the transmitter 12 to the target 

25 vehicle 16T. In one example, an intermediate 

transceiver/controller (e.g., 14A) becomes part of the 
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system 10 because the intermediate vehicle (e.g., 16A) 
happens to be present between the transmitter 12 and 
the target vehicle 16T (e.g., the target and 
intermediate vehicles are present in the same parking 
5 lot) . 

All of the intermediate transceiver /controllers 
14A-14N are functionally identical to the target 
transceiver/controller 14T. Specifically, each 
transceiver/controller, both intermediate (e.g., 14A) 

10 and target 14T, is capable of receiving, altering, and 

re-transmitting signals. Moreover, each intermediate 
transceiver/controller 14A-14N is associated with its 
own transmitter (not shown) in the same sense that the 
target transceiver/controller 14T is associated with 

15 the transmitter 12 (e.g., each associated pairing of 

transmitter and transceiver/controller has its own 
unique identification code) . Thus it is to be 
understood that each transceiver/controller can be the 
"target" (i.e., when its associated transmitter is 

20 actuated) . 

Turning now to the operation of the system 10 
shown in Fig. 1 and in accordance with the present 
invention, each transceiver/controller (e.g., 14A) that 
is within range of the transmitter 12 receives the 

25 initial signal 181, and determines if the initial 

signal 181 is intended for that vehicle (i.e. the 
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transceiver /controller determines if it is the target 
transceiver/controller 14T) via review of at least a 
portion of the received signal information. In order 
for each receiving transceiver/controller (e.g., 14A) 
5 to determine if the received signal indicates that the 

receiving transceiver/controller is the target 
transceiver/controller, each transmitted signal (181 
and 18RA-18RN) contains an identification code to 
identify the target. Preferably, the identification 

10 code is in the form of a unique address portion of the 

transmission packet conveyed via the initial 
signal 181. In order to maintain security, the 
remainder of the signal information may be conveyed in 
encrypted form, with the address unencrypted. 

15 Encryption codes are permanently stored within the 

memory of the target transceiver /controller 14T, which 
allow the target transceiver/controller 14T to decrypt 
the message from its associated transmitter 12. 

If the transceiver/controller is the target 

20 transceiver/controller 14T (Fig. 1), then the vehicle 

location system is activated, as described above. If 
the transceiver/controller is not the target 
transceiver/controller 14T (i.e., it is an intermediate 
transceiver/controller) , the transceiver /controller 

25 (e.g., 14A) stores the identification code in memory 

and causes transmission of a new signal (e.g., 18RA) 
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from its antenna (e.g., 28A) that is intended for the 
target vehicle 16T and that contains the same vehicle 
location command signal. Prior to retransmission, 
however, the signal is altered by the intermediate 
5 transceiver/controller (e.g., 14A) to indicate that it 

has been received and retransmitted by an intermediate 
transmitter. This may be accomplished in a number of 
ways, but in the present embodiment it is done by 
shifting bits to the left or right in the message 

10 stream each time an intermediate transceiver/controller 

(e.g., 14A) retransmits a signal. The result is that 
the retransmitted signal carries information about the 
number of intermediate transceiver /controllers through 
which it has been relayed in route to the target 

15 vehicle. 

Further, each transceiver/controller (e.g., 14B) 
is capable of receiving a signal (e.g., 18RA) 
transmitted from an intermediate transceiver/controller 
(e.g., 14A) at an intermediate vehicle (e.g., 16B) . In 

20 other words, each antenna (e.g., 28B) is tuned to pick- 

up the signals (e.g., 18RA) that relay the message, in 
addition to being used to pick-up the initial 
signal 181. Each transceiver/controller (e.g., 14B) 
determines if the received signal (e.g., 18RA, from the 

25 intermediate transceiver/controller 14A) is intended 

for the associated vehicle (e.g., 16B) . 
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If the vehicle is the intended recipient (i.e. the 
vehicle is the target vehicle 16T) , the vehicle 
location system is activated and an acknowledgement 
signal is returned. If the vehicle (e.g., 16B) is not 
the intended recipient (i.e., the vehicle is not the 
target vehicle 16T) , the transceiver/controller 

(e.g., 14B) stores the identification code in memory 
for later reference, alters the signal to indicate a 
further reception and retransmission and causes 
transmission of the altered signal (e.g., 18RB) 
containing the vehicle location command that is 
intended for the target vehicle. 

As mentioned above, the vehicle communications 
path tracing system may include a variable number of 
intermediate transceiver/controllers (14A-14N) . The 
number of intermediate transceiver/controllers 

(14A-14N) varies dependant upon the circumstances when 
the transmitter is actuated to emit the initial 
signal 181. For example, in a crowded shopping mall 
parking lot, the target vehicle 16T may be at the far 
side of the parking lot, and the owner of the target 
vehicle 16T wants to locate the target vehicle 16T. 
Several dozen, or even several hundred, intermediate 
vehicles are present within the same parking lot as the 
target vehicle. 
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Upon actuation of the transmitter 12 and 
transmission of the initial signal 181, the initial 
signal is received by the transceiver/controllers 
(e.g., 14A ) of one or more vehicles (e.g., 16A) . For 
5 clarity in nomenclature, these first vehicles are 

referred to as first repeater vehicles. Each first 
repeater vehicle (e.g., 16A) is not the target 
vehicle 16T. Accordingly, the transceiver/controller 
(e.g., 14A) transmits a first repeat signal 
10 (e.g. , 18RA) . 

The first repeat signals are received at one or 
more second vehicles (e.g., 16B and 16B' ) . The second 
vehicles (e.g., 16B and 16B' ) are referred herein as 
the second repeater vehicles. Because the second 
15 repeater vehicles (e.g., 16B and 16B' ) are not the 

target vehicle 16T, the transceiver /controller 
(e.g., 14B and 14B' ) of each second repeater vehicle 
transmits a second repeat signal (e.g., 18RB 
and 18RB' ) . This process continues (i.e. reception and 
20 repeating of signals at an N th vehicle), and eventually 

a repeat signal (e.g., 18RN) reaches the target 
vehicle 16T. The target vehicle 16T, in response to 
reception of the N th repeat signal (e.g., 18RN) , 
activates the vehicle location function. 
25 It is contemplated that given certain 

circumstances, the signal may be repeated in a 
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direction away from the target vehicle, due in part to 
the broadcast nature of the signals. Also, at each 
level of "repeating", the signal may be simultaneously 
repeated by a plurality of repeater vehicles, and, at 
5 each level of repeating, a single vehicle may receive a 

plurality of repeat signals. Further, repeating may 
continue even after a signal is received at the target 
vehicle . 

The transceiver/controllers include means to 

10 alleviate such unnecessary repeating. For example, the 

memory device 36 of each transceiver /controller 
contains a buffer that temporarily stores information 
(e.g., the identification code) about signals that are 
repeated. When a signal is received, the buffer is 

15 checked. If the signal had previously been repeated by 

the transceiver/controller, then the signal is not 
repeated. Other means can be employed to alleviate 
unnecessary repeating, such as appending a time limit 
or a repeat number limit to the transmission packet. 

20 Each repeating transmitter would compare the number of 

relays of the original signal to the limit before re- 
transmitting the signal. Also, the target 
transceiver/controller 14T could send a "cancel/ignore" 
signal upon completion of the requested function. A 

25 delay could be built into the relay of signals by 

intermediate transceiver/controllers (e.g., 14N) such 
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that an immediate cancel /ignore signal would prevent 
repetition of the signal associated with the message 
within the range of the target transceiver/controller 
14T. 

Herein, for the purpose of brevity, the process of 
receiving a signal that is not intended for the 
associated vehicle and transmitting a signal which is 
intended for the target vehicle is referred to as 
relaying the initial signal 181. It should be 
appreciated that the relayed signal will be different 
from the received signal, as it is altered by the 
intermediate transceiver/controller to indicate 
retransmission. The commands, codes, and address of 
the message, however, remain unchanged. 

While the foregoing allows a signal to reach the 
target vehicle 16T even when it is out-of-range of the 
original transmission, the distance between the user 
and the target vehicle 16T may be so great as to 
prevent the user from perceiving the response. The aim 
of the present embodiment of the invention is to 
provide a response perceptible to the user at each 
intermediate vehicle along the path to the target 
vehicle that originally relayed the initial signal 181. 
Since a large number of vehicles may have relayed the 
initial broadcast by the time the signal reaches the 
target vehicle 16T, it is necessary to distinguish the 
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vehicles that lie in the general direction of the 
target vehicle. 

To this end, once an. appropriate signal is 
received at the target transceiver/controller 14T, the 
vehicle location function is activated, and an 
acknowledgement signal 42AN is broadcast. The 
acknowledgement signal 42AN contains the identification 
code for the target vehicle, an alteration noting that 
it has been broadcast once as an acknowledgement, and 
information about the number of times the signal was 
relayed through intermediate transceiver /controllers 
(e.g., 14A) in route to the target vehicle. Each 
intermediate vehicle (e.g., 16N) in range of the 
broadcast receives the acknowledgement signal 42AN at 
its antenna (e.g., 28N) , which transfers the message to 
the intermediate transceiver/controller (e.g., 14N) . 
The identification code is compared to a list of 
identification codes of signals relayed stored in 
memory. 

If the received code does not match one of these 
codes, the signal is ignored. If the received code 
does match a code stored in memory, the vehicle removes 
the code from the list and its vehicle location system 
controller 38 activates its own vehicle locator system 
to produce a short horn chirp and flash of its lights, 
as described above. The vehicle then determines if it 



is necessary to alter and rebroadcast the signal, as 
described below. If retransmission is necessary, the 
intermediate transceiver/controller (e.g., 14N) alters 
the signal to indicate that the acknowledgement 
5 signal 42AN has been received at an intermediate 

transceiver/controller (e.g., 14N) and rebroadcast. 
Herein, the process of receiving, altering, and re- 
transmitting an acknowledgement signal will be referred 
to as relaying the acknowledgement. 

10 The necessity of re-transmitting an 

acknowledgement signal 42AN is determined by comparing 
the number of times the initial signal 181 was relayed 
to the number of times the acknowledgement signal 42AN 
has been broadcast. Any method for comparing the 

15 number of relays of the initial signal 181 in route to 

the target vehicle 16T to the number of broadcasts of 
the acknowledgement signal 42AN may be used, but 
preferably, a signal is altered by shifting bits in the 
message stream in the opposite direction in which they 

20 were shifted when relayed to the target vehicle 16T. 

In the example embodiment, it is necessary to 
retransmit the acknowledgement signal 42AN when the 
number of relays of the initial signal 181 in route to 
the target vehicle is greater than the number of relays 

2 5 of the acknowledgement signal 42AN. In the example 

embodiment, it is unnecessary to send the signal back 
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to the original transmitter. The activation of a 
vehicle location system within range of the user is 
sufficient to provide the user with confirmation of the 
activation of the vehicle location system. Thus, the 
intermediate transceiver/controller (e.g. 14N) 
retransmits the acknowledgement signal when the number 
of relays of the initial signal 181 is greater than the 
number of broadcasts or transmissions of the 
acknowledgement signal 42AN. In terms of bit shifting, 
an intermediate transmitter (e.g., 14A) will not relay 
an acknowledgement signal when the acknowledgement 
signal received includes bits that are shifted back to 
their original position in the message stream. In 
other embodiments of the invention, it may be desirable 
to convey the acknowledgement signal to the 
transmitter 12. Such modifications in the system are 
within the scope of the present invention. 

After transmission of the acknowledgement 
signal 42AN, the acknowledgement signal 42AN is 
received by the transceiver/controllers (e.g.-, 14N) of 
one or more vehicles. Again, for clarity of 
nomenclature, these vehicles will be referred to as N th 
repeater vehicles. Each N th repeater vehicle will 
determine if the identification code for the 
acknowledging system is stored in memory. If the 
identification code is not stored in memory, the 
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acknowledgement message will be discarded. If the 
identification code is stored in memory, the N th 
repeater vehicle will react by activating its horn to 
produce a short chirp and causing its headlights to 
flash. Then, the transceiver/controller of the N th 
repeater vehicle will determine if the number of relays 
of the initial signal 181 is greater than the number of 
broadcasts or relays of the acknowledgement 
signal 42AN. Upon determining that the number of 
initial signal relays is greater than the number of 
acknowledgement signal relays, the 

transceiver/controller concludes that retransmission of 
" the ac knowlebYg emeriti" "signal ~4~2AN Ts _ necessafy 7 "The 
acknowledgement signal 42AN is altered to indicate a 
second broadcast of the acknowledgement, and then 
transmitted to the next set of vehicles upstream in the 
path traveled by the initial signal, i.e., in an 
opposite direction of the relay of the initial signal. 
The identification number for that message is then 
purged from memory. 

The message is relayed back toward the user until 
it reaches the first repeating vehicle (s) {e.g., 16A) 
mentioned above. These vehicles will first determine 
that the identification code in the retransmitted 
acknowledgement signal 42AA matches a code stored in 
memory. Then, the transceiver/controller (e.g., 14A) 
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will compare the number of broadcasts of the 
acknowledgement to the number of relays of the initial 
signal. Finding the numbers to be egual, the 
transceiver/controller will simply activate the horn 
5 chirp and flash of its headlights mentioned above and 

purge the identification code from its memory without 
re-transmitting the signal. As mentioned above, this 
system may be modified where it is desirable for the 
signal to reach the transmitter 12 . 

10 A process 50 in accordance with the present 

invention and performed within each of the 
transceiver/controllers in shown in Fig. 3. The 
process 50" "begTns" at "step 52 ""in" which the 
transceiver/controller is in a sleep mode. It should 

15 be noted that in Fig. 3, transceiver /controller is 

abbreviated as "transceiver, " the number of relays of 
the initial signal is represented as "X" and the number 
of broadcasts of the acknowledgement is represented as 
"Y". The process 50 proceeds from step 52 to step 54, 

20 in which the transceiver /controller wakes and receives 

an incoming signal. At step 56, the identification 
code conveyed within the received signal is read. 

At step 58, the transceiver /controller determines 
if the signal is a command signal or an acknowledgement 

25 signal. If the signal is a command signal, the process 

proceeds to step 60, where the identification code from 
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the signal is compared to the identification code for 
the vehicle. If the identification codes match, the 
process proceeds to step 62 where the vehicle 
immediately transmits an ignore/cancel signal 
(step 62), activates the vehicle location function 
(step 64), and transmits an acknowledgement signal 
(step 66) . The transceiver /controller then returns to 
transceiver sleep mode (step 52). 

Returning to step 60, if the identification codes 
do not match, the process goes to step 68, where the 
vehicle waits for a specified time for an ignore/cancel 
signal from another vehicle. If an ignore/cancel 
signal arrives within the specified time, the 
transceiver/controller returns to transceiver sleep 
mode (step 52). If no signal is received, the 
transceiver checks the identification code against 
those in memory (step 72) . If the identification code 
matches a stored code, the message is redundant and is 
ignored. The transceiver /controller then returns to 
transceiver sleep mode (step 52) . 

If the identification code does not match an 
identification code in memory, the 

transceiver/controller stores the identification code 
in memory (step 76) . It then alters the signal to 
indicate that it has been relayed another time and 
retransmits the altered signal (step 78). The 
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transceiver/controller then returns to transceiver 
sleep mode (step 52) . 

Returning to step 58, if the signal is an 
acknowledgement, the process proceeds to step 80, where 
the identification code from the signal is compared to 
identification codes for previously received command 
signals that have been stored in memory (see step 76) . 
If the identification code does not match an 
identification code stored in memory, the 
acknowledgement is not intended for this vehicle, and 
the transceiver/controller returns to transceiver sleep 
mode (step 52) . 

if -the - identif ica'tion "code mate he's" "an— " — ------ 

identification code stored in memory from a previously 
received command signal, the process proceeds to 
step 84, where the vehicle location function is 
activated to produce a horn chirp and a flash of the 
lights. The process then proceeds to step 86, where 
the number of transmissions of the acknowledgement 
signal (Y) is compared to the number of times the 
initial command signal had been relayed (X) . 

If Y is greater than or equal to X, it is 
unnecessary to retransmit the acknowledgement. The 
transceiver/controller clears the signal identification 
code from memory (step 90) and returns to transceiver 
sleep mode (step 52) . If Y is less than X, the signal 
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is altered to indicate a further broadcast (step 88) 
and the signal identification code is cleared from 
memory (step 90) . The transceiver /controller then 
returns to transceiver sleep mode (step 52) . 

Although the presented embodiment of the invention 
relates to a vehicle location system, it should be 
apparent to one skilled in the art that the path 
tracing system described above is applicable to a 
number of remote vehicle convenience functions. For 
functions where user perceptible confirmation at the 
vehicle is undesirable, such as locking or unlocking ' 
the doors, the acknowledgement path could extend to a 
portable " transceiver T "allowing "coh"f irmation" "at" the 
transceiver itself. 

Additionally, from the above description of the 
invention, those skilled in the art will perceive 
improvements, changes and modifications beyond those 
mentioned above. Such improvements, changes and 
modifications within the skill of the art are intended 
to be covered by the appended claims. 



